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Introduction 29
Soil protection is a priority objective in modern agriculture. Agricultural soil is a 30 high value resource, and so its irreversible degradation needs to be avoided to guarantee 31 its fertility and its present and future agronomic value. Accordingly, the application of 32 organic amendments to agricultural land is considered a common soil management 33 practice because it avoids the decline in the organic matter (OM) content of agricultural 34 soils, especially soils with a low OM content (< 2%), such as European semi-arid 35
Mediterranean soils. Moreover, these residues provide both macro-and micronutrients to 36 crops, increase water-holding capacity and porosity, and decrease bulk density, thereby 37 contributing to the improvement of the soil's physical and chemical conditions for plant 38 production (Goss et al., 2013) . 39
The management of different organic residues from urban, agricultural and 40 industrial activities has therefore become a priority in many countries today, and 41 different strategies for recycling such materials as organic amendments have been 42 investigated (Moreno Casco and Moral Herrero, 2008) and controlled to avoid the 43 possible threats and risks to human health that may result from their use, as laid down 44 by current Spanish legislation (MARM, 2009; MPR, 2013) . 45 However, the OM in these residues may interfere with the dynamics of the 46 pesticides applied simultaneously with these residues to increase agricultural production 47
and uphold food quality and protection. Pesticides reach the amended soil either by 48 direct application or by the subsequent wash-off from treated plants, and their 49 interaction with the OM of the residues may modify its behaviour in the soil with 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Considering that the nature and composition of the OM in residues is different to the 52 OM in natural soil, it is of special interest to know how the sorption-desorption, 53 mobility or dissipation of pesticides is affected by soil amendment with organic 54 residues. Changes in these processes might explain the increasingly frequent presence of 55 residues of these compounds in surface and ground waters in agricultural areas 56 Our group has conducted a research project designed to clarify some of these 69 unexplored aspects regarding the addition of organic residues to soil as amendments and 70 their influence on the behaviour of pesticides. The organic residues studied were sewage 71 sludge (SS) from municipal wastewater treatment operations and the by-products of 72 other agricultural activities generated by the wine industry (grape marc (GM)) and 73 mushroom farming (spent mushroom substrate (SMS)). They are commonly applied to 74 agricultural land in Spain with or without prior treatment. In previous works, we studied 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Some characteristics of these organic residues were determined in samples 131 previously air dried, homogenized and sieved (< 2 mm) ( Table 2) Castilla-Leon region (NW-Spain) located in Pesquera de Duero (41º 38' 34''N latitude 143 and 4º 9' 27'' W longitude). The soil was sieved (< 2 mm) and dried to determine their 144 characteristics using standard analytical methods (MAPA, 1986) . The soil pH 145 determined in a soil/water suspension (1/2.5 w/v) was 7.9. The particle size distribution 146 determined using the pipette method was 76.9%, 8.2% and 14.9% sand, silt and clay, 147 respectively. The OC content determined by oxidation (Walkley-Black method) was 148 0.47%. The DOC was 0.04 mg g -1 , it was determined in soil extracts (1/2 w/v ratio) in 149 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 8 10000 rpm), and filtering (Minisart NY 25 filter 0.45µm, Sartorius Stedim Biotech, 151
Germany) using an organic carbon analyzer as previously indicated for organic residues. 152
Inorganic carbon content determined as CaCO 3 with a Bernard calcimeter was 2.25%. 153
The amended soils were prepared by uniformly mixing soil with SS, GM or 154 SMS at a rate of 5% on a dry weight basis (equivalent to ~25 t residue ha -1 considering a 155 soil depth of ~5 cm and a soil density of 1.3 g cm -3 ) on 15 November 2009. Soil and 156 organic residues were mixed without sieving (undisturbed) . 157
Samples of all treatments (unamended and amended soil) (~30 kg) were 158 incubated under environmental conditions in 60 x 40 x 25 cm trays in the IRNASA 159 (Salamanca, Spain) over 12 months. The initial moisture content of the unamended and 160 amended soil was previously adjusted to 40% of their maximum water holding capacity. 161
Weather conditions were recorded throughout the experiment. The monthly average 162 minimum air temperature varied between -0.3 and 13.3ºC, whilst the monthly average 163 maximum air temperature varied between 8.5 and 32.7ºC. Cumulative precipitation 164 during the experiment was 426 mm. 165
Samples of unamended soil and soil amended with different residues were taken 166 after one month (one-month incubated soils) and 12 months (12-month incubated soils) 167 of incubation outdoors. They were sieved (<2 mm) and dried and the OC and DOC 168 contents and pH values were determined as previously indicated. In addition, alkali 169 soluble and acid insoluble carbon (humic acid, HA) and alkali and acid soluble carbon 170 (fulvic acid, FA) were also determined in unamended and amended soils. Soil extracts 171 were obtained following the traditional method of HA and FA extraction using 5 g of 172 soil and an initial solution of Na 4 PO 7 ·and Na 2 SO 4 ·in H 2 SO 4 (25 mL) (Gallardo and 173 Bacas, 1973) . The determination of C in solution was carried out as previously 174 described for the DOC. Results obtained are included in Table 2.1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 For linuron and diazinon, simultaneous incubations were carried out with 14 C-238 labeled pesticides to study the dissipation mechanism (mineralization kinetics and the 239 formation of non-extractable residues over time). Aqueous solutions of unlabeled 240 pesticide of an appropriate concentration were labeled with 14 C-pesticides, and a volume 241 of 10 mL of these solutions was added to 300 g of fresh weight of unamended or 242 amended soils to give a concentration of 2 mg kg -1 dry soil and an approximately 243 activity of 100 Bq g -1 . In these soil samples, a 14 CO 2 trap, consisting of a scintillation 244 vial containing 1 M NaOH (1 ml), was attached to the lid via a stainless steel clip as 245 described by Reid et al. (2002) . 246
The extraction of the 14 C-pesticides from the soil was carried out in two 247 sequential steps: Initially the 14 C-pesticide was extracted with 10 mL of a 0.01 M CaCl 2 248
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were fitted to SFO and FOMC models, and the kinetic parameters were calculated for 305 each pesticide, soil treatment and soil incubation period (Table 3) . 306
Linuron dissipation kinetics fitted the SFO model better than the FOMC model 307 The dissipation kinetics of diazinon also fitted the SFO model in the unamended 317 soil and the SS-amended soil after one month and 12 months of incubation. However, 318 diazinon dissipation fitted the FOMC model better in the GM-and SMS-amended soil 319 for both incubation times. Diazinon dissipation initially recorded a lag phase of 16 days 320 (Soil+SS) or 16-20 days (Soil+SMS), and it was followed by a rapid pesticide 321 dissipation phase. Different models with or without lag phase have also been reported in 322 the literature to fit the dissipation curves of diazinon in unamended soils and soils 323 treated with municipal waste water and surfactant solutions (Hernández-Soriano et al., 324 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   15 For myclobutanil, in general, the dissipation kinetics fitted the FOMC model 326
better than the SFO model in one-month incubated soils and the SFO model in 12-327 month incubated soils, although the literature reports that the dissipation curves of 328 myclobutanil in unamended soil usually fitted a SFO model (Wang et al., 2012) . All the 329 dissipation kinetics of myclobutanil recorded a lag phase in a range of 8-28 days, and 330 the duration of the lag phase was shorter in the 12-month incubated soils (Figure 1) . 331
The dissipation rate (k) decreased in the order diazinon > linuron > myclobutanil 332 in the unamended soil. DT 50 values in days for the dissipation of the pesticides studied 333 were 49.8 and 21.2 (linuron), 10.1 and 20.2 (diazinon) and 48.9 and 65.6 (myclobutanil) 334 in the unamended soil after one month and 12 months of incubation. Changes in the 335
DT 50 values of pesticides were significant (Table 3) (Table 1) for the dissipation of these pesticides in different unamended 339 soils (FOOTPRINT, 2011). 340
After soil amendment, the dissipation of diazinon and myclobutanil was slower 341 in the SS-and SMS-amended soil than in the unamended one. Note should be taken of 342 the existence of a lag phase before a rapid dissipation phase in these soils. This effect 343 was expected, given the increase in the sorption of both pesticides by amended soils 344 relative to the unamended one and the influence of sorption on the dissipation kinetics 345 of pesticides in soils due to a decrease in the bioavailability and biodegradation of 346 organic compounds sorbed by the soil (Alexander, 2000) . DT 50 values increased 1.7 and 347 2.6 times for myclobutanil, and 2.3 and 1.8 times for diazinon in the SS-and SMS-348 amended soil, respectively. However, the dissipation in GM-amended soil was similar 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 pesticides by this soil (Table 1) with more stabilized OM, taking into account that the 363 HA/FA ratio was the highest among the amended soils (Table 2) . 364
DT 50 values decreased for linuron in the SS-and SMS-amended soil after 12 365 months of incubation, and increased for diazinon and myclobutanil in the SMS-366 amended soil with regard to the corresponding soil after one month of incubation (Table  367 3). No significant differences were found in the DT 50 values for pesticides in the GM-368 amended soil. Moreover, for diazinon, dissipation was more rapid in the SS-amended 369 soil due to the suppression of the lag phase recorded in the homologous one-month 370 incubated soil. The lag phase was also shorter for the dissipation of myclobutanil in the 371 12-month incubated soils than in the one-month incubated soil. This indicated that the 372 adaptation time needed for the microbial community to degrade myclobutanil and 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 17 diazinon in some amended soils was shorter in the 12-month incubated soils, possibly 374 due to the decrease in OC and DOC in these soils (Table 2) . 375
Dissipation could be related to the sorption behaviour of the studied pesticides 376 by soils, in keeping with the decrease or increase in their sorption by the amended soils 377 after one-month and 12-month ageing, as discussed by the authors in a previous work 378 (Rodriguez-Cruz et al., 2012a). However, the sorption coefficients of linuron and 379 diazinon by soils (Table 1) 5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   18 There are no previous studies on the influence of sorption on the dissipation of 398 myclobutanil in amended soils. 399
Results of the dissipation of pesticides in sterilized unamended soil indicated 400 that the soil microbial community played an active role in this process, as no actual 401 dissipation was observed, or it was much slower than for non-sterilized soil (data not 402 shown). However, the dissipation data for linuron in the 12-month incubated sterilized 403 soil (76% remained after 62 days) and diazinon in the one-month percentage of the diazinon initially applied). In the amended soils, the maximum 420 amounts of IMP detected were 3.1-9.5% between 7 and 28 days in the one-month 421 incubated soils and 5.1-15.3% between 8 and 20 days in the 12-month incubated soils. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   19 In the amended soil, the percentages of IMP increased in the order: soil+SMS< 423 soil+SS< soil+GM after both incubation periods. These results were consistent with the 424 rapid dissipation rate of diazinon in the unamended soil and in the GM-amended soil. The mineralization of linuron was lower than that of diazinon, and followed the 438 same pattern for both pesticides in the one-month and 12-month incubated soil, 439 although the total percentage of mineralization varied between the soils for different 440 incubation times. 441
Linuron mineralization was low in all the soils and increased slowly over the 442 incubation period. The amounts of 14 C-linuron mineralized to 14 CO 2 after 83 days were 443 2.45%, 1.16%, 0.38% and 0.67%, in unamended soil, soil+SS, soil+GM and soil+SMS, 444 respectively, after one month of incubation, and 2.14%, 1.15%, 0.92% and 1.62%, in 445 the respective unamended and amended soils after 12 months of incubation. The lower 446 values were recorded in the amended soils, even though the dissipation rates were 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   20 higher in these soils than in the unamended one. As previously indicated, this reveals 448 that dissipation in amended soils must occur via another mechanism derived from the 449 possible sorption of linuron or its metabolites, although other authors have also 450 attributed the decrease of mineralized pesticide to the use of the OM added with the 451 amendment by the microorganisms instead of the pesticide (Fernandes et al., 2006) . 452
Mineralization was initially very slow for diazinon in the unamended and 453 amended soils, although a higher increase in 14 CO 2 evolution was observed in the SS-454 and SMS-amended soil over time. This low initial mineralization must correspond to the 455 previous adaptation period of the soil microbial community, according to the lag phase 456 observed in some of the amended soils (Figure 1) , and biodegradation could then occur 457 more quickly. The percentages mineralized after 35 days were 8.51%, 6.21%, 1.09% 458 and 6.74%, in unamended soil, and SS-, GM-and SMS-soil, respectively, after one 459 month of incubation. These amounts were 5.45%, 7.98%, 4.22% and 6.68% in 12-460 month incubated soils. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   21 The extracted amounts in CaCl 2 and methanol decreased for both pesticides as 471 incubation time increased. In general, the decrease was more rapid in the amended soils 472 with respect to the unamended one after both soil incubation periods (Figures 3) . 473
Soil extraction with water solutions (0.01M CaCl 2 ) provides an estimate of the 474 availability of pesticide residues to be degraded, and depends mainly on pesticide 475 sorption (Mamy et al., 2005) . For linuron the 14 C amounts in water extracts were 476 initially higher in the unamended soil (up to 27%) than in the amended ones (up to 477 18%), although they were similar in both one-month and 12-month incubated soils 478 (Figure 3 ). These amounts were time dependent and decreased quickly after 83 days in 479 the unamended (< 3%) and amended soils (<2%) incubated for one and 12 months. 480
These results are consistent with the linuron sorption coefficients (Table 1) , which were 481 higher for the amended soils. 482
However, the amounts of 14 C-linuron extractable in methanol were initially very 483 similar in the unamended and amended soils (55-68%), but the decrease was higher in 484 the amended soils with respect to the unamended soil as indicated for non-labeled 485 pesticides (Figure 3) . The extracted 14 C amounts were 19.4% (unamended soil) and 486 11.7%, 10.2%, and 9.48% (SS-, GM-, and SMS-amended soil) of the 14 C-linuron 487 initially added after 83 days in one-month incubated soils, and 15.6% (unamended soil) 488 and 10.3%, 9.50%, and 9.98% (SS-, GM-, and SMS-amended soil) after 83 days in 12-489 month incubated soils. The higher amount of extracted pesticide in the unamended soil 490 with regard to the amended soils was consistent with the slowest dissipation rate in this 491
soil. 492
The water extractable residues for diazinon were initially much higher than for 493 linuron according to its highest rate of dissipation, and they decreased with incubation 494 time.
14 C amounts in water extracts were higher than 50% at the beginning of the 495   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 22 incubation period in the unamended and amended soils in both one-month and 12-496 month incubated soils (Figure 3) . These amounts decreased rapidly in the SS-amended 497 and SMS-amended soils up to <10%, but changes in the extracted amounts in the 498 unamended and GM-amended soils were smaller, and they were still high after 35 days, 499 26-37% in one-month incubated soils, and 22-25% in 12-month incubated soils (Figure  500 3). 501
The methanol extracts for diazinon were initially similar (33-44%) in the 502 unamended and amended soils, and decreased more quickly in the SS-amended and 503 SMS-amended soil than in the GM-amended and unamended soils. After 35 days, these 504 amounts were 8.01-6.60% (unamended soil), 5.79-5.67%, 14.1-11.8%, and 4.70-8. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   23 The formation of non-extractable residues in the soils was in general higher for 521 linuron than for diazinon, possibly0 due to the higher sorption of linuron by soils than 522 of diazinon (Table 1 ). The formation of bound residues for linuron was higher in the 523 amended soils in relation to the unamended soil in the one-month incubated soils. This 524 is consistent with the more rapid dissipation relative to the unamended soil (Table 3) , as 525 the formation of non-extractable residues leads to a decrease in availability and an 526 apparent increase in the dissipation rate. This effect is less significant in the 12-month 527 incubated soils, and dissipation rates in these soils were in closer agreement with the 528 decreased sorption of linuron by the amended soils after 12 months of incubation (Table  529 1). The bound residues could be forthcoming from the parent compounds or metabolites 530 of pesticides according to the results recorded in the GM-amended soil, where the 531 pesticide could be sorbed by DOM, enhancing the formation of metabolites with a 532 higher sorption capacity by soils. 533
For diazinon, the highest initial formation of non-extractable residues in the 534 SMS-amended soil is consistent with the low formation in it of the IMP metabolite. The 535 growing amounts of non-extractable residues built up over time must also correspond to 536 both 14 C-pesticide and 14 C-metabolites. In a previous paper, Leland et al. (2003) have 537 reported that diazinon and its metabolite IMP are associated with either the humic or the 538 humic substance fractions in a sorbed state within micropores or intraparticle 539 nanopores. Accordingly, some authors contend that soil OC content is the key factor 540 involved in the formation of non-extractable residues (Mamy et al., 2005) . 541 542
Soil dehydrogenase activity 543
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